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(57) Abstract 

A tool component comprises an abrasive element (10) presenting a cutting edge or point (16) and a thermally conductive element 
(12) have a thermal conductivity greater than that of the abrasive clement (10) in thermal contact with the abrasive element (10) so as to 
conduct heat generated at the cutting edge or point (16) away from such edge or point (16). The thermally conductive element (12) may 
be bonded to a substrate (14). " 
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TOOL COMPONENT 



BACKGROUND OF TFTF. Tlv?VFNT T nM 

This invention relates to a tool component and more particularly a tool 
component .for a cutting tool. 

The high speed turning of difficult-to-machine materials such as nodular cast 
irons, steels and iron-, cobalt- or nickel-based superalloys is an important 
industry. These materials contain iron, nickel or cobalt and have in common 
that they develop high machining temperatures even at moderate cutting 
speeds. Thus, thermally activated processes such as adhesion, diffusion or 
chemical reactions contribute significantly to overall wear, of a cutting edge 
used to turn these materials. Furthermore, the materials have an intrinsic 
high hardness or are work hardened during machining, or contain hard 
particles requiring tool materials which' have an appreciable hot-hardness 
characteristic. 

PCD (polycrystalline diamond) cannot be used due to the high affinity, of 
carbon with iron, cobalt and nickel based materials which leads to rapid tool 
degradation once cutting temperatures of 600-700°C are exceeded. '• 



WO 00/20149 



PCT/IB99/01647 



1 _ 



Tun SS ,e„ carbide is onlv stable a, ,„„ cu „i„ g spetd5 since it tas , „„„ 
reacciv i!y „ i(h lr0 , coM , and „ icke] ^ ^ ^ ^ ^ ^ _ 

temperatures around 700-800°C. 

Other ceramic cutting tools have a better hot-hardness than tunesten carbide 
and can be chemically stable. Alumina-based tools are the most chemically 
stable materials but they exhibit low thermal conductivity and a relatively 
poor thermal shock resistance. Si 3 N 4 and Sialon-based tools have a better 
thermal conductivity and thermal shock resistance but are less' chemically 
stable. Another, limiting factor of ceramic cutting tools is their intrinsic 
brictleness: 

PCBN (pojycrystalline CBN) is probably the most suitable existm* too, 
materia] to machine the above difficult-to-machine materials. It is m ore 
chemically stable than diamond in combination with the identified workpieces 
and also has a high abrasion resistance up to high machinin, temperatures 
However, even PCBN tools fail at high speeds through thermally activated 
chemical wear. 

A certain improvement in the wear resistance of carbide and PGBN when 
machining ferrous difficult-to-machine materials has been achieved bv 
applying thin chemically inert coatings made of materials such as TiN AUO 
HfN. TiAIN and the like. Such coatings act as a diffusion barrier and reduce 
tool dissolution into the workpiece. However, these coating principailv 
address crater wear at the tool-chip interface and help little in reducing flank 



wear 
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summarv of thf mma m 



***** » the present invention , , t00l compmen , ^ ^ 
element presenting . crai „ s ed _ 2e „ ^ ^ a ^ ^ 

havng a thermal conducive g raKr tan ta , of ^ ^ ^ fa 
contact with ,he abrasive element s0 as , 0 condM , hcat K „ eraKd „ 
the cutting edge or point .way from such edge or point 

The thorny conducive element wffl have a high iherma, conductivity 

preferably, exceeding 120 W/m.X The use of a 

element ensures cha, heat generated a, the cutting edge or point* conduced 
away front ,ha, edge or point as rapidiy as possible. The thermally 
conducive elemen, may be in thennai contact with a target body of another 
material of high thermal conductivity. 

The abrasive element may . be PCBN. ceramic, PCD or CVD diamond 
Examples of suitable ceramic materials are carbides, nitrides, borides, oxides 
or sthcides of metals „, Group ,Vb, Vb. or VIb. ' Also suitable as ceramics 
are sthcon carbide, silicon nitride or an oxide, boride or nitride of aluminium 
The preferred ceramic materials are alumina, a.umintum carbide, titanium 
carbide, titanium nitride and silicon nitride! 

The thermal conductivity of the thermally conducive element win be .reaier 
■han tha, of the abrasive element. Thus, in the case of the abrasive dement 
beng PCBN. the thermally conducive element may be CVD diamond or 

PCB. Further, when the abrasive element is PCD. the thermally conducive 

element may be CVD diamond, single crystal or polycrvstalline 
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n <he ,oo, componcn, of lhe invemioni , he ihemaiiy £]OTera 
be a ,a y er ,„ ,„ tnMl con , acI ^ , ^ ^ fc ^ ^ ^ ^ 

for* of the invention. *. abrasive elemen[ has , surface ^ „ , ^ 
edge or pom, and ,he ,herr„ a „ y conducIive elm . ^ ^ ^ 
In anorher form of ,„e inven,io„, me abrasive e,e ra e„, „,s a surface .eadin, ,o 
' C ""' n| ^ " md » "WO* surface and rhe ,herma Uy conduce 
e -en, is bonded ,o rhe opposi,e surface. ,„ te e forms of me invent 
me abrasive e.emen, and me ,berma„ y conducive e.emen, Win generally both 
. have a layer form. . 

The abrasive e.emen, may a,so form an msen ,oca,ed in a recess i„ ,he 
tnermalJy conductive element. 

The ,herm aI , y conducive e.emen, ma y be uniform in composing or have 
reg.ons differing in [heni , a , conductivj[y ^ fc ^ ^ ^ 

eonduoivir,, ,he regions ma y increase in IheraiaJ condocIivjty ^ • 

abrasive e.emen, The regions differing in ,„ eiraa , conduci,,, y raay a,so be' 

■herma. c„„d„civi,v g r ea,e r ,ha„ ,ha, of te abrasive e.emen, which ahernle 
w„h regions of a ma,eria, having ,he same or iower merma, co„duc,ivi Iy iha „ 
tha, ofme abrasive e.emen,. The aherna.ing regions ma y be in s,rip form or 
in spiral or concentric ring form. 

The ,„o, componen, of me inven.ion may be bonded ,o a subs,ra,c such as a 
cemen.ed carbide subs.rare. The cemen,ed carbide subs,™ wi„ , ypicallv bc . ' 
* mngs.en carbide subs„„e. The ,herma„ y conducive e.emen, wi„. K „ eral , v 
he sandwiched benveen ,he abrasive elemen, and the subs.rare " ' 
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The invention mrther provides a method of cutting or turnin S a materia, 
■nduding the steps of providing a cutting edge or point of a too, component as 
descnbed above, causing re,ative movement between the cuttine point or ed*e 
and the materia, and advancing the cutting edge or point into the materia", 
The advancement of the cutting edge or point into the workpiece can be 
achieved by moving either the workpiece, the cutting edge or point, or both 
This method has particular appJication to the cutting of materia,* contain^ 
iron, mcke,, or cobalt with PCBN or ceramic. 



Figure 1 

Figure 2 
Figure 3 
Figure 4 
Figure 5 
Figure 6 

Figure 7 

Figure 8 



is a sectional side view of a first embodiment- of a tool 
component of the invenrion, 

is a plan view of a second embodiment of the invention, 
is a view along the line 3-3 of Figure 2, 
is an exploded view of Figure 2, 

is a .schematic view of a tool component cutting a workpiece, 

is a sectional side view of a further embodiment of . the- 
invention. 

is a sectional side view of a further embodiment of the 
invention, and 

is a view of Figure 7 in the direction of arrow A. 
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When the abrasive layer is a -prnw u 

ayer is a PCBN layer, n w,ll generally consist of a 

factory binder phase may ^ ^ ^ ^ ^ 
silicides of metals of group IVb Vh vtk vr 

.... ° P b ' Vb ' VIb ' s,I,con «rbide, silicon nitride or 

aluminium oxide, boride or nitride tk. ' * J 

rarh ., ' . . nd£ - Tne preferred b <™^ phase materials are 

carbides, nundes and carbonitrides of titanium, ionium and hafnium. 

Exampies of suitable PCBN materials are those sold under the trade marks " 
Ambonte® and DBC50®. 

Wta *- *-„ y conduct element ,a k es the form „ f 3 ,aver, pan ,, ularly 
, »he ft. layer is diamond or a diamond-contaming material, i, oan 00 as thin 
as a few nanometers, e.g. ,00 nanometers. The thiCcer the ,ave, the quicter 

a ' ' S rm0Ved fr ™ —« P°™ or edge and" the iower the 
machining temperature of that edge or point. 

When tne abrasive e.emen, is in , he form of , , aw , ^ ^ • 
e Soverned by , he iraendcd mod£ Qf ^..^ ^ ^ 

tashtng . desired, and the associated maximum pcrmissihie wear sca'r width 
Thtnner iavers than current* avaiiahie too, componsMS 3 „ ^ 

^e partiCe si 2 e used in the ahrasive e.ement wi„ depend on the specfe of 
c e tntended operation and the worfcpiec, materia,. Por eaamp,e, in the case 
PCBN haver, for a „„ ishin „ opera ,„ n ^ ^ ^ ^ 
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smaller ,han 2pm. win be used, whereas for . roughi „ s operaljon ^ 
ma.er.al removal rate, coarser CBN particte win be used. 

Embodd™ of , he invemjon wj| , ^ fc ^ ^ ^ ^ 
accompanying drawings. Referring ta „ Fi|urt , to , ^ , 
component for use.in coding or ^ , maKria , The mmpm ^ 
an abras,ve iayer ,0 bonded ,o a iaver ,2 of high therms, conducivity which 
» bonded ,o a subs,r a ,e ,4. The component raay hava 
,„ plan, snch as drcuIar> squarei rectMsu ^ ajrf ^ ^ ^ 

° f ^ abraSiVC 10 *« edge for the componen, 2„ 

use, hear general a, one coding edge, during use, is rapidiy conduced away 
therefrom by virtue of the layer 12. 

In One specific fern, of mis embodiment, ,he abrasive iayer ,0 may he PCBN 
■he iayer 12 PCD or CVD diamond and ,he subs,ra,e ,4 cemented carbide. ' 

A second embodiment of me i„v=„,i on is niwmc4 „ y R(mres , w 4 
Rererrtng ,„ tee figures, a uni, or bod, 20 is produced in which a iayer 00 
of a material of high thermai conductivity is bonded to a substrate 24 The . 
toer has four abrasive inserts ,« iocated therein. ,„ , his form of the 
■nvennon, the inserts 26 win ,y p i ca „ y be p CBN ; ^ ^ pCD 
substrate 24 cemented carbide. 

A .00! component is produced from the uni, 20 by cuuintt. e.tt. usin. EDM 
™fng. the uni, as i„„ SI ,, [ed by ,„ £ ^ |faf ^ ^ 2 ^ 

shaped too, component 54 is produced „.„ ich pw , ^ ^ ^ ^ 
each corner .hereof (see Figure 4,. The h„„ow off-cu, 30 which remains can 
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-If he severed fethcr t0 produK , ^ rf $ 

manner sho„ i„ Figure 4 . M „ tee componems prK!ms ^ ^ 

The layer « may comprise _ ^ ^ ^ ^ ^ ^ 

* -rface J8 may compris£ . ^ Qf ^ ^ ^ ^ ^ ^ 

and the materia, of the ,herma„ y conducive , ayer 12. Soon a r=*ion w iU 
assts, ,„ reducing themal mismatch „ fte taerfaa , 8 

The ,00, component of Figure , may be mom£d „ , ^ ^ ^ ^ 

« wor k p,ece ,n a manner i„„s, ra ,ed schematic^ by Figm 5 . RcfOTin „ 

■° to figure, the ,oo, component 40 Figure , fc b0 nded in a recess 42 

workplace 46 to effect the cut. 

A fate embodiment of ,he invention is i ltetraM by ^ 6 

*■ Ftgune, a ,00, coraponea for ux in cuain8 ^ mami ^ ^ 

compnses an abrasive , ay£r 60 bo „ d£d „ , ^ 

The the™,* conducive Cement 62 comprises ahernating scrips 
« having , , heima , conductivjly ?reaKr ta itet ^ ^ ^ _ 

- strips 66 of a materia, having a therma, conducivit, the same or iower 
*an that of*e abrasive ,ave, The ahrasive hrver 60 has currin, edge 68. ■ 

A further embodiment of the ^ „ ^ fcy ? 
Refernng ,o these Figures, a ,oo, component comprises an a hrasive ,a y er 70 
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hondeC ,o a thermally conducive e,eme„, 72. The abrasive layer 70 has 
™,„ S edge 78. The «he™a„v conducive element 72 comprises alternarin. 
ru S ,ons 74 of a materia, having a thermal conduciviry greater ,han ft. of dre 
abrasrve e,e me „, and re S io„s 76 of a materia! haying a thermal conductivity 
•he same or lower than that of the abrasive layer 70. As can be seen from 
r.uure *. the regions 74,76 take a concentric ring form. The regions 74, 76 
can also take a spiral form. 



I" embodiments of Figures 6 to S, the elements 62, 72 have a thetmal 
■nducviry greater than that of the abrasive layers 60. 70. 



6. 
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£1£M& 

1 • A tool component comprising an abrasive element presenting a cuttin 2 
edge, or point and a thermally conductive element bavins a thermal 
conductivity greater than that of the abrasive element in thermal 
contact with the abrasive element so as to conduct heat generated at the 
cutting edge or point away from such edge or point. 

!-. A tool component according to claim 1 wherein the thermal 
conductivity of " the thermally conductive element exceeds ' 
120 W/m.°K. 

• A tool component according to claim 1 or claim 2 wherein the abrasive 
element is PCBN. ceramic, PCD or CVD diamond. 

A tool component according to claim 1 or claim 2 wherein the abrasive 
element is PCBN and the thermally conductive element is CVD 
diamond or PCD. 

A tool component according to claim 1 or claim 2 wherein the abrasive 
element is PCD and the thermally conductive element is CVD 
diamond. 

A tool, component according to any one of the preceding claims 
wherein the thermally conductive element is a layer in thermal contact 
with a surface of the abrasive component. 
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A tool component according to claim 6 wherein the abrasive element 
has a surface leading to the cutting edge or point and the thermally 
conductive element is bonded to that surface. 

A tool component according to claim 6 wherein the abrasive element 
has a surface leading to the cutting edge or point and an opposite 
surface and the thermally conductive element is bonded to the opposite 
surface. 

A tool component to any one of claims 6 to 8 wherein the abrasive 
element and thermally conductive .element both have a layer form. 

A tool component according to any one of claims 1 to 5 wherein the 
abrasive element is an insert located in a recess in the thermally 
conductive element. 



11. A tool component according to any one of the preceding claims 
wherein the thermally conductive element has regions differing in 
thermai conductivity. 

12. A tool component according to claim 11 wherein the regions increase 
in thermal conductivity away from the abrasive element. 

13. .A tool component according to claim 11 wherein the thermally 

conductive element comprises a plurality alternating regions differing 
in thermal conductivity. 



10. 
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■ .oo, compo„ em accordjnJ , 0 cIajm ]3 ivhere . ^ 

«!«..« regions „ f a mtoi a, tavi „ g a merma, conduc , ivj , y ^ 

"""" haVi " S 3 « «~ ma, * 

ine abrasive element 

»■ A ,oo, componen, accordin? , 0 dajm I3 ^ m wherejn 
•ilicriuimg regions are in snip form. 

A 'oo, componen, accordinJ „ c]a . m 13 ^ ciam m wte£jn ^ 
alcemaung regions are in S p,ral or concen.ric ring form. 

»■ A mem 0d of c„„i„g or running , maleria) ^ . ^ 

Prodding a cuning edgc or poi „, ^ ^ ^ 

one of me preceding daims, causing re,a,iv= movent, berJeen ,he 
™M» p„ ira „ redge and the maKrjal advanc . ns ^ 

or point into the materia]. " " 



18. 



19. 



A memod according m claim „ wn£rejn ± ^ ^ 
■ n,cM, .cow, and ,he abras.ve element is PCBN or ceramic. 

A -oo, componen, according ,„ daim , and su6slara ,,„ y ^ 
descnbed wim reference ,„ a „ y one of Figures , ,„ 4 and 6 ,o 8 of the 
accompanying drawings. 
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' 10 -V « of Figures , ,o 8 of'*, 

accompanying drawings. 
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